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Abstract: The influences of different diesel/biodiesel mixtures and EGR rates on brake specific fuel
consumption (BSFC), exhaust gas temperature and NO, HC, CO emissions, is studied and
demonstrated. In this paper, four strokes direct injection water cooled diesel engine was used. The
combustion of biodiesel as an absolute fuel or mixed with diesel in an unchanged engine consequences
in advanced combustion, decreased ignition delay and improved heat release rate in the initial
uncontrolled premixed combustion phase that caused, higher cylinder peak pressure and temperature
that result increased NO. Exhaust gas recirculation (EGR) is an impressive technique for decreasing
NO emissions when utilizing biodiesel-diesel fuel mixtures. Reductions in NO and exhaust gas
temperature were observed but emissions of HC and CO were found to have increased with usage of
EGR. The engine performance and efficiency obtained in biodiesel case were less, which could be
attributed to lower calorific value of biodiesel. The increased of BSFC obtained with biodiesel are
lower than that of diesel fuel when applying same EGR rate. Thus, EGR has a lower negative
influence on engine performance in case of biodiesel compared to diesel fuel.
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Introduction

Today, air pollutants sent out from diesel vehicles, such as nitrogen oxide (NOx) and
unburned hydro carbon (UHC), have created serious air pollution problems in major cities
around the world. Compression ignition engine is favored prime movers due to superior
driveability and higher thermal efficiency. In spite of their benefits they produce higher levels
of NOx and smoke emissions which will more injurious to human health. Therefore severe
emission norms have been required. So that encounter the emission standards and also the fast
reduction of petroleum oil reserves conduct of the research for alternative fuels for diesel
engines. Biodiesel from vegetable oils are alternative to diesel fuel for diesel engines. The use
of biodiesel in diesel engines does not to demand any engine modification. It is achieved from
triglycerides through the transesterification process [18]. Physical and chemical processes
within a diesel engine such as injection timing, fuel vaporization, and ignition delay are
changed with the use of biodiesel fuel relative to petroleum diesel fuel. Lower heating value,
lower volatility, higher viscosity and high production cost are some of biodiesel’s negative
attributes [19]. Biodiesel produces significantly lower emissions of PM, carbon monoxide
(CO) and hydrocarbon (HC) [1, 17]. Many scientists have established that with biodiesel
fuelled engine produces higher NOx emissions compared to diesel [8]. To obtain decreases in
NOx emissions, exhaust gas recirculation (EGR) can be utilized with biodiesel in the diesel
engines. EGR is an impressive technique of decreasing NOx emissions from the diesel engine
exhaust [1]. Regulating the NOx emissions mainly needs decreasing of in-cylinder
temperatures [2]. However, the application of EGR expansions HC, CO, and PM emissions
along with slightly higher specific fuel consumption [8]. An examination was managed on a
single cylinder DI diesel engine and calculated the performance and emission characteristics
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with rice bran methyl ester (RBME) and its blends as fuel with EGR systems [2]. This
examination researcher informed that 20% biodiesel blend with 15% EGR produce the less
NOx, CO and HC emissions and also enhanced thermal efficiency and decreased BSFC.
Performance of a single cylinder DI diesel engine was investigated with Jatropha oil methyl
ester biodiesel (JBD) with hot EGR [4]. Researcher in this investigation optimized 15% EGR
gave the sufficient reduction of NOx emission with minimum probability smoke, CO, UBHC
emissions. In this study, the integrated effects of waste cooking oil (WCO) biodiesel
combustion with the exhaust gas recirculation (EGR) in order to decrease of NOx emissions,
on the engine performance and emissions of a tractor diesel engine are examined and
compared with the results achieved from the engine operating on petroleum-based diesel fuel.

1.1. NOx formation mechanism

NO creation inside combustion chamber can be defined by extended Zeldovich Mechanism
[13, 21, 22].  The main reactions near stoichiometric fuel–air mixture governing NO
formation from molecular nitrogen are:

O + N2 = NO + N

N + O2 = NO + O (1)

N + OH = NO + H

1.2. Exhaust Gas Recirculation

Cylinder charge weakening with exhaust gas can be systematically arranged into internal
EGR and external EGR. With external EGR, exhaust gas is taken from the exhaust port and
sent into the inlet port. External EGR has become widely utilized on today’s automobile
engines. External EGR has a comparatively low cost. It only requires EGR control valve,
which can control EGR rate impressively under all work conditions of engine [3]. Only
external EGR is debated in this paper. As a result of air displacement with EGR, lower
amount of oxygen in the intake mixture is available for combustion. Decrease oxygen
available for combustion lowers the effective air–fuel ratio. This impressive decrease in the
air–fuel ratio influences exhaust emissions considerably. In addition, the blending of exhaust
gases with intake air raises the specific heat of intake mixture, which causes in the reduction
of flame temperature. This combination of lower oxygen quantity in the intake air and
decrease flame temperature, decrease rate of NOx shaping reactions [5, 6]. The estimation of
recirculation amount was explained by relating the amount of CO2 in intake manifold with
that in exhaust pipe, through Eq. (2). [CO2]Intake gas was checked in the intake manifold and
[CO2]Exhaust gas was measured in the exhaust gases [7].

(2)

2. Materials and Methods

2.1. Fuel preparation

Biodiesel used in this study were obtained from the Bioenergy Research Center, Department
of Agricultural Machinery Engineering of Tarbiat Modarres University. The pure material of
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Biodiesel was restaurant waste frying oil which was converted to methyl ester (biodiesel) with
the trans-esterification method in accordance with the international standards.
2.2. Fuel properties
Some of the characteristics of fuel were calculated due to their relevance, and possibilities in
the chemistry - Physics lab, Department of Chemistry of Bu-Ali Sina University, including
density, kinematics viscosity and dynamic viscosity. The fundamental specifications such as
density, viscosity, calorific value, cetane index, flash point, pour point were measured
experimentally. The fuel density was calculated by weighing a known volume of fuel and the
viscosity was calculated using a dynamic viscometer to which the measurement principle
involved measuring the time needed for a known volume of fuel to fall from a Viscometer.
All characteristics were calculated with standard protocol given in the ASTM standards
respectively. The basic properties of the fuels are shown in Table1.

Table1. Properties of diesel fuel and biodiesel.
Fuel analysis Method biodiesel Diesel fuel

Density@15°C (g/cm3) ASTM D4052 0.880 0.845
Kinematic viscosity 40°C (CST) ASTM D445 5.48 2.8

Cetane number ASTM D613 60 57
Lower calorific value (KJ/kg) - 38730 42570

Flash point (°C) ASTM D92 176 64
Cloud point (°C) ASTM D2500 -1 2
Pour point (°C) ASTM D97 -4 0

Free glycerin (%mass) ASTM D6584 0.016 0.01

2.3. Experimental setup and measurements

Figure1. Experimental Setup.

Figure1 exhibits a schematic of the diesel engine testing device used for investigating engine
performance and emissions. The research were performed on a naturally aspirated, water-
cooled, 4-cylinder, direct-injection diesel engine. The characteristics of the engine are shown
in Table 2. Exhaust gas temperature was calculated by applying resistance temperature
detector (RTD) and K type thermocouples throughout the research. A manual method was
used to measure the fuel consumption. In this method, the main tank was replaced with a
subsidiary tank and a switching system was used to switch the fuel flow from the tank to the
fuel system. To measure power and torque, a dynamometer Model XT-200 made in England
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was used. The power and torque of the dynamometer were measured automatically by
applying a magnetic field.

Table2. Engine specifications

Model A4-248
Manufacturer Motor Company makers, of Tabriz, Iran

Number of cylinders 4
Cylinder stroke 127ml

cylinder Diameter 101mm
Maximum power 75 kW/2000 rev/min
Maximum torque 278 Nm/1300 rev/min
Compression ratio 16.0 : 1
Cylinder volume 4.06 it

During all tests, environmental conditions such as temperature and pressure were measured
and recorded. Experiments were performed at 5 ° C and pressure of 0.814 atm. An FGA-4100
gas analyzer Made in Taiwan was used to measure emissions. Measurement capabilities, units
and precision of this system is presented in Table 3.

Table3. Properties of gas Analyzer.
AccuracyLimitsUnitMeasurable
10-9999ppmHydrocarbons (HC)
0.010-9.99Vol %Carbon monoxide (CO)
0.10-20Vol %Carbon dioxide (CO2)
0.010-25Vol %Oxygen (O2)
10-5000ppmNitrogen monoxide (NO)
0.10-150(°C)Oil temperature
-0.5-3.0-λ

The gas analyser consisted of a sensor that was placed in the exhaust as well as a sensor
device placed in the center of the chamber to provide good contact with the smoke. The
quantity of EGR can be regulated by a control valve installed in the EGR loop. Also data for
HC, NO, CO, CO2, exhaust gas temperature, and fuel consumption were registered. Then,
engine performance and emission patterns were analyzed. The optimum EGR rate was found
on the basis of performance and emissions of the engine. The percentage of recycled gases are
usually described by an EGR ratio, i.e. the mass ratio of recycled gases to the whole engine
intake. The fresh air intake includes insignificant amounts of CO2 while the recycled portion
carries a substantial amount of CO2 that increases with the EGR flow rate and engine loads.
Especially, CO2 is just a combustion product. Thus, it is intuitive and feasible, to measure
EGR ratio by comparing the CO2 concentrations between the exhaust and intake of the engine
[19, 14].

3. Results and discussion
3.1. Specific Fuel Consumption

The influences of diesel–biodiesel fuel blends on BSFC are showed in Figure 2. The increase
of BSFC is due generally to the lower calorific values of biodiesel compared with that of
diesel fuel [24]. Therefore, if the engine was fueled with biodiesel-diesel blends, the BSFC
will increase due to the produced lower brake power caused by the lower energy content of
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the biodiesel [31, 32]. At the same time, for the same volume, more biodiesel fuel based on
the mass flow was injected into the combustion chamber than diesel fuel due to its higher
density [33, 34]. It was found from the experiment that BSFC is increased with increasing in
EGR rate because oxygen available for combustion gets reduced for the amount of fuel
supplied and density of air decreased thus less oxygen available for combustion. Thus, air fuel
ratio is changed and this increases the BSFC [35]. The results obtained are in agreement with
that observed by other authors [27].
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Figure2. Variation of Specific Fuel Consumption for net diesel and diesel-WCO blends with
different EGR flow rates.

3.2. Exhaust Gas Temperature

Figure 3 displays the variations of exhaust gas temperature with diesel and blends of biodiesel
with different EGR rates.
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Figure 3. Variation of Exhaust gas Temperature for net diesel and diesel-WCO blends with
different EGR flow rates.

In general due to the increase in EGR quantity inside the engine cylinder, there is a reduction
in peak combustion temperature and hence a reduction in exhaust gas temperature. The
reasons for temperature reduction are relatively lower availability of oxygen for combustion
and higher specific heat of intake air mixture as explained earlier [21,22,23]. The results
obtained are in agreement with that observed by other authors [24, 25]. However other
sources have been obtained showing inconsistencies with the results of the present study [20].
They reported that the addition of EGR increased exhaust gas recirculation. This is caused by
shifting the combustion process to a later stage into expansion stroke and also the longer
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combustion duration for all fuels so that combustion ended later. The temperature of the
exhaust gases for B10, B20 and B50 waste cooking oil biodiesel were observed lower than the
diesel without EGR. For biodiesel and its mixtures this result is attributed to shorter ignition
delays and therefore advanced combustion proportionate to diesel fuel [15].

3.3. Unburnt Hydro Carbon Emissions (UBHC)
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Figure4. Variation of unburned hydrocarbons for net diesel and diesel- biodiesel blends with
different EGR flow rates.

The variation of UHC emissions for four fuels with different EGR flow rates is displayed in
Figure 4. It is obvious that UHC emissions reduction as the diesel-biodiesel mixtures were
used. Several causes have been suggested to describe the reduction in HC emission when
replacement customary diesel by biodiesel. The oxygen content in the biodiesel molecule
causes to a more complete combustion [16], the higher cetane number of biodiesel decreases
the combustion delay, and the combustion timing when utilizing biodiesel is progressed. All
of these causes could reduce the HC emissions of the engine. Some researchers found alike
consequences of HC emission with diesel-biodiesel blends [26]. On the other hand, raise the
EGR flow rate to the lowest level caused by a small reduction in UHC emissions. One cause
for this is that a part of the unburned gases in the exhaust of the previous cycle is recirculated
and burned in the later cycle. Also, the presence of radicals can aid to initiate the combustion
process, particularly with the rise of intake charge temperature due to mixing with exhaust
gases. In addition, change in UHC follows a trend with an expansion in EGR ratio resulting in
an expansion in UHC emissions. The expansion in UHC emissions is due to the decreasing in
oxygen concentration in the inlet charge by the EGR presented into the cylinder which makes
the UHC emissions to increase. The results obtained are in agreement with that observed by
other authors [21, 27].

3.4. Carbon Monoxide Emissions (CO)
Figure 5 displays the variation of CO emissions of diesel and biodiesel with different EGR
rates. From the experiment it was found that emission of CO increased with increasing EGR
rate. Higher values of CO were watched for diesel fuel with 20% EGR. Because high EGR
flow rates consequences of lack in oxygen concentration in combustion processes and
unfinished combustion which cause to rise CO emission. For biodiesel, the extra oxygen
content is believed to have partly recompensed for the oxygen lacking operation under EGR.
Oxygen compounds of biodiesel have an important role in reducing CO emissions. Oxygen
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helps complete oxidation of carbon species during the combustion process [28]. Some
researchers found alike consequences of CO emission [25].
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Figure5. Variation of carbon monoxide for net diesel and diesel-WCO blends with different
EGR flow rates.

3.5. Nitric oxide (NO)
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Figure6. Variation of Nitric oxide for net diesel and diesel-WCO blends with different EGR
flow rates.

Figure 6 depicts the NO emission, acquired by Diesel, B10, B20 and B50 fuels with different
EGR rates. Commonly, biodiesel causes higher NO emissions than diesel fuel. The oxygen
content of biodiesel is a significant parameter in the high NO formation levels, because the
oxygen content of biodiesel provides high local peak temperatures and a corresponding excess
of air [14]. Therefore, the higher NO emissions can be ascribed to the more complete
combustion of the biodiesel with the existence of more oxygen in the combustion chamber
[12]. On the other hand, the NO emissions incline to reduction meaningfully with a rise in
EGR ratio due to the increase in total heat capacity of combustion chamber charge by EGR,
which reduces the peak combustion temperatures. This is due to the fact that attendance of
inert gases such as CO2 and H2O in the combustion chamber decreases the peak combustion
temperature, and also it substitutes the oxygen in the combustion chamber. The results
achieved are in agreement with that observed by other authors [29, 30].

4. CONCLUSIONS

EGR is a very useful technique for reducing the NOx emission. In this article, an experimental
study was performed on Tractor engine utilizing diesel fuel, B10, B20 and B50 with exhaust
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gas recirculation. The influence of blending biodiesel (waste cooking Oil) on emissions and
performance were analyzed. EGR displaces oxygen in the intake air by exhaust gas re-
circulated to the combustion chamber. Exhaust gases lower the oxygen concentration in
combustion chamber and increase the specific heat of the intake air mixture, which results in
lower flame temperatures. The consequences of this study may be summarized as follows:

1. When the engine utilizes biodiesel, the power reduces and BSFC
increases due to the lower calorific value of biodiesel compared to net diesel fuel.
However, increasing EGR flow rates caused in reduces in power and increases in BSFC
for both net diesel fuel and WCO blends.

2. It is determined that the NO emissions rise with increasing
biodiesel percentage. Applying EGR was an impressive technique to reduce the NO
emission. The NO emissions were reduced with a rise in the EGR flow percentage for
both net diesel fuel and WCO mixtures.

3. The emissions of CO and UHC were established to be lower with
increasing biodiesel percentage. Applying slight amount of EGR caused by a slight
reduction in HC emission. However, Increasing EGR flow rates to high levels caused in
significant increase in CO and HC emissions for both net diesel fuel and WCO mixtures.
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